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web server returns the dynamically-generated tiles to the
requesting client.
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1 <PortrayMapRequest>
2 <QOutput width="300" height="300"
format="GIlF">
3 <CenterAddress>
4 <Radius unit="KM">1</Radius>
5 <Address couniryCode="US5">
6 <freeFormAddress>
| 7 4 n 2 gt san jose ca
i 8 </freeFormAddress>
O </Address>
10 </CenterAddress>
11 <TileGrid rows="4" columns="4"/>
12 </Output>

1 —— 1 —— e ——— ——

13 </PortrayMapRequest>

___________________________________________________________________

300 Fig. 3

500

<THeGnd columns="4" rows="4">
<CenterContext SRS="W(GH-84">
<CenterPomt>
<pos>41.002 -72.000896</pos>
</CenterPoint>
<Radius umt="KM">1 0</Radins>
</CenterContext>
<Tile col="0" row="0">
<Map>
<Content height="300" format="GIF" width="300">
<URL>hitp://ws.telcontar.com: 8080/openls/image/ TILE?7LLMIN=41.00361987041037,-
72.00447335745504 & LLMAX=41.00469978401728, -
72.00304241447303&WIDTH=300&HEIGHT=300& FORMAT=GIF &CLIENTNAME=someclient& SESSIONID=999
KN=0&E=-1</URL>
</Content>
<BBoxContext>
<POS>41.00361987041037 -72.00447335745504</pos>
<p08§>41.00469978401728 -72.00304241447303</pos>
</BBoxContext>

Fig. 5
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Fig. 8
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<PortrayMapRequest>
<Qutput width="300" height="300" zoom="1.0">
<CenterContext SRS="W(GS-84">
<CenterPoint>
<p0s>41.002 -72.000896</pos>
</CenterPoint>
<Radius unit="KM">1.0</Radius>
j </CenterContext>
<TileGrid rows="4" columns="4">
<Pan direction="E” numTiles="13.177/>
<Pan direction="S"” numTiles="4.234"/>
| </TileGrid>
| </Output>
| </PortrayMapRequest>

<PortrayMapRequest fitOverlays="true’>
<QOutput height="400" width="400">
<CenterAddress>
| <Radius unit="KM">5</Radius>
‘E <Address countryCode="US">
<freeFormAddress>300 Second Ave, 1111 1</freeFormAddress>
</Address>
</CenterAddress>
<TileGrid rows="3" columns="3"/>
</Qutput>
<Qverlay>
<RouteGeometry>
<LineString "> |
<p0s>41.0039 -72.003</pos>
<p0s>41.003 -72.003</pos>
<p0s>41.003 -72.003</pos>
<p0s>41.002 -72.003</pos>
| <p0s>41.002 -72.003</pos>
<pos>41.001 -72.003</pos>
ng 9 <p0s>41.001 -72.002</pos>
<p0s>41.001 -72.002</pos>
<p0s>41.001 -72.001</pos>
<p0s>41.001 -72.001</pos>
<p0s>41.001 -72.00011</pos>
</LineString>
</RouteGeometry>
</Overlay>
</PortrayMapRequest>

— — — N
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DRAGGABLE MAPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. Pat. No. 9,412,
199, which 1ssued on Aug. 9, 2016, and which claims the
benefit of U.S. Provisional Application 60/773,287, filed on

Feb. 13, 2006. Both applications are incorporated by refer-
ence herein 1n their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention 1s related to generation of digital
maps, including dynamic rendering of map tiles.

Description of the Related Art

The use of Ajax (Asynchronous JavaScript and XML) in
building web-based applications offers the appearance of
responsiveness and interactivity to users, making Ajax a
popular technique. Web-based mapping and driving direc-
tions applications often are 1mplemented using Ajax.
Because not all of the page has to be reloaded when only a
portion of 1ts contents change, Ajax offers users of client
browsers the opportunity to drag a map quickly around a
screen, giving the appearance of a locally-based application,
rather than a typical client-server interaction.

One drawback to the conventional approach to map
rendering 1s that 11 a client 1s attempting to determine the
boundaries of tiles 1n their spatial positions, the client has to
know the projection that 1s being used to draw the map. In
addition, because conventional applications use pre-ren-
dered maps, they have certain drawbacks. Pre-rendered
maps are created by pre-rendering a typically very large
image, and cutting 1t 1nto a set of separate, smaller images.
Those smaller images are then typically further divided into
sets of even smaller 1mages known as tiles. Because the
center of a tile grid 1s predetermined, 1t 1s diflicult to render
a map centered on a specific requested location such as a
street address, without performing some additional steps to
slide the grid to the desired location. In addition, tile sizes
are predefined, making it impossible for an application to
request a tile of a diflerent size, unless such a tile has been
pre-rendered. Further, zoom levels are fixed with pre-ren-
dered maps, based on a number of world maps that have
been made available at predetermined scales. Lastly, the
appearance of a map 1s determined at rendering time.
Accordingly, an application cannot request on the fly that all
roads be 1n red, or that certain features be highlighted, etc.,
but rather must accept whatever the map designer chose as
the map appearance when the map was rendered.

Accordingly, a need exists 1n the art for systems and
methods to provide an improved architecture for draggable
maps.

SUMMARY OF THE INVENTION

The present mnvention enables dynamic rendering of digi-
tal maps. A system 1n an embodiment of the present inven-
tion includes a web server, a mapping engine and a map
database. The web server receives a request from a client
specilying a location and a bounding area. In one embodi-
ment the location 1s specified as an address, while 1 an
alternative embodiment 1t 1s specified as a latitude and
longitude. The mapping engine performs a geocoding opera-
tion on the address, 1f necessary, and creates a tile grid
centered at the specified location. A seed tile 1s then created,

10

15

20

25

30

35

40

45

50

55

60

65

2

either including or adjacent to the center location, depending
on whether the tile grid has an even or odd number of rows
and columns. The web server creates a resource 1dentifier
such as a URL 1for each tile 1n the tile grid, and returns the
tile grid including the resource 1dentifiers to the client. The
resource 1dentifier for each tile includes the location of the
seed tile and a position oflset for the tile relative to the seed
tile, in one embodiment specified 1n units of northward and
castward movement.

The client in one embodiment includes an ofi-screen
peripheral builer. This allows peripheral images to be loaded
before the user drags them on screen when dragging the
displayed map.

The client requests tiles from the system using the
resource 1dentifiers previously provided by the system.
Upon receiving the request, the mapping engine dynami-
cally renders each requested tile using map data from the
map database, and the web server returns the dynamically-
generated tiles to the requesting client.

As a user of the client drags the map 1n the client user
interface, the client requests additional tiles from the server.
The additional tiles are requested using the same resource
identifiers previously used for each location in the tile grid,
except that the client first modifies the position oflset appro-
priately, for example by incrementing a northing offset by +4
if the user has dragged the map north by one tile 1n a 4x4 tile
or1d.

Because map tiles are rendered dynamically, they can be
centered at essentially arbitrary locations. Further, the
appearance ol each tile can be changed by using parameters
in the resource identifier request from the client to the
server—lor example, to change colors on the map. Overlay
data such as route guidance can be rendered as part of the
tile, since the tile 1s rendered dynamically, when requested
by the client. Zooming 1s also simplified compared to
conventional methods, and can be achieved by providing the
server with a zoom factor along with a number of tiles the
image has been panned from the original centered location.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a system for rendering digital maps 1n
accordance with an embodiment of the present invention.

FIG. 2 1s a flowchart 1llustrating a method for providing
a tile grid 1n accordance with an embodiment of the present
invention.

FIG. 3 1llustrates a request by a client to a server for a tile
orid 1n accordance with an embodiment of the present
invention.

FIG. 4 1llustrates a tile grid 1n accordance with an embodi-
ment of the present invention.

FIG. 5 1llustrates a response by a server to a client for a
request for a trial grid 1n accordance with an embodiment of
the present mvention.

FIG. 6 illustrates a method for dynamically rendering a
map tile 1n accordance with an embodiment of the present
invention.

FIGS. 7a, 7b and 7c illustrate movement of a draggable
map by a client 1n accordance with an embodiment of the
present 1nvention.

FIG. 8 1llustrates a request by a client to a server for a tile
orid including a zoom factor 1n accordance with an embodi-
ment of the present invention.

FIG. 9 1llustrates a request by a client to a server for a tile
orid including overlays 1n accordance with an embodiment
of the present invention.
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The figures depict preferred embodiments of the present
invention for purposes of 1llustration only. One skilled 1n the
art will readily recognize from the following discussion that
alternative embodiments of the structures and methods 1llus-
trated herein may be employed without departing from the
principles of the mnvention described herein.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

FIG. 1 1llustrates a system for providing dynamically-
rendered maps in accordance with an embodiment of the
present invention. System 100 includes a map database 104,
a mapping engine 106 and a web server 102. Also shown 1s
a client 108.

Map database 104 contains digitized map data used by
mapping engine 106 for routing, geocoding, map rendering,
and other geospatial functions. Mapping engine 106 receives
and responds to requests from web server 102 for map data,
including dynamically-rendered tiles. Web server 102
includes a conventional web server application such as the
Apache HTTP Server by the Apache Software Foundation or
the Internet Information Services web server by Microsoft.
In addition, web server 102 includes logic for receiving
requests for dynamic maps from client 108, communicating,
the requests to mapping engine 106, recerving the dynamic
map data and providing the map data to client 108.

Also shown 1 FIG. 1 1s client 108. Client 108 1n one
embodiment uses a conventional web browser such as
Internet Explorer by Microsoit or Firefox by Mozilla to
execute JavaScript code that formulates XML requests for
dynamic maps from web server 102. In alternative embodi-
ments, XML may be specified directly by the client, or other
applications may be used to generate XML requests to
system 100. The operation of the elements of system 100 1s
described further below.

FI1G. 2 illustrates a method for responding to a request for
a tile grid 1n accordance with an embodiment of the present
invention. Initially, web server 102 receives 202 a request
from client 108 for a tile grid. In one embodiment, client 108
makes the request by providing an XML query. An example
of such a query 1s illustrated 1n FIG. 3. In listing 300, line
2 specifies a desired pixel width and height attributes for
cach tile within the grid. Lines 3-10 indicate that the address
to be centered on is “4 N. 27¢ St, San Jose, Calif.” with a 1
km radius bounding area. Line 11 indicates that the grid
should include 4 rows and 4 columns.

Server 102 then determines 204 whether the request
includes an address that must be geocoded, for example a
street address. If so, mapping engine 106 performs a geoc-
oding operation and returns a latitude and longitude for the
specified address to web server 102. Next, or 1f no geocoding,
was required, server 102 determines 208 the position of a
seed tile. In one embodiment, 1f the number of rows and
columns 1s even, the seed tile 1s the tile that borders the
center to the northeast. If the number of rows and columns
1s odd, seed tile 1s the tile that includes the center dO2. Those
of skill in the art will appreciate that other tiles can be
defined as the seed tile 1n alternative embodiments.

FI1G. 4 illustrates a grid 400 of map tiles 410. (Note that
retference 410 1s intended to refer generally to any tile within
orid 400.) Tile grid 400 1s an example of the general case 1n
which there are M rows and N columns, and as illustrated
includes 4 rows, labeled for convenience 1in FIG. 4 as 0-3;
and 4 columns, labeled 0-3. In one embodiment, image
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4

width and height are the same for each image in the grid,
although any pixel width and height can be specified by an
application.

In FIG. 4, there are an even number (4) of rows and
columns, and thus tile 404 1s chosen as the seed tile.

In addition to the grid dimensions and 1mage pixel dimen-
s10ms, 1n one embodiment some of the tiles are used by client
108 as an ofl-screen peripheral bufler. This allows the
peripheral images to be loaded betore the user drags them on
screen. In such an embodiment, new off-map tiles are loaded
into the ofl-screen bufler, which minimizes the visibility of
tile loading, and increases the user’s perception that the map
1s a single, continuous sheet, as opposed to a grid of tiles. In
FIG. 4, tiles 402, 404, 406 and 408 are displayed on screen,
while the remaining shaded ftiles are 1n the peripheral
ofl-screen bufler. In alternative embodiments, client 108
stores more or fewer tiles 1 an off-screen peripheral bufler,
depending on the preference of the implementer.

In one embodiment, the position of a tile 410 1s expressed
as the coordinates of two of the opposite corners of seed tile
404 and a relative position to seed tile 404. In the case of
seed tile 404, the offset 1s 0 in both the north and east
directions.

Once the position of the seed tile 1s determined, web
server 102 next checks 210 whether 210 there are additional
tiles m the tile grid 400 whose positions have not been
specified. If so, then web server 102 determines 212 the
position of a next tile, including 1ts oflfset north and east from
seed tile 404. For example, 1n FIG. 4, tile 402 has an offset
of 0 north and -1 east. Although we describe using north-
ward and eastward offsets here, those of skill in the art will
appreciate that other oflset specifiers could be used, for
example southward and westward.

Once the position of each tile in the tile grid 400 has been
determined, web server 102 returns the tile grid 400 to client
108.

FIG. 5 provides an example of a portion of a response 500
by server 102 to a tile grid request from client 108. In the
XML of response 500, a tile grid with a radius of 1 km has
been returned centered at coordinates (41.002, —72.000896).
The tile grid has 4 columns and 4 rows, and the height and
width of each tile 1s 300 pixels. Further, tiles are 1n GIF
format. Response 500 also includes coordinates of a bound-
ing area for tile grnnd 400, as well as a resource 1dentifier,
such as a URL, for each tile in tile grid 400. Note that only
one URL 1s included in FIG. 3 for clanty of illustration—the
tile grid 400 of FIG. 4 has 16 tiles and would be represented
in a tile grid response by 16 URL tags.

The URL 1llustrated 1n response 300 includes as param-
cters the coordinates of seed tile 404, width and height
parameters, a format parameter, a client name parameter,
and a session ID parameter. Also icluded are the northing
and easting values for the tile, 1n this case 0 north and -1
cast. From FIG. 4 1t can be seen that the tile 1dentified by this
URL 1s tile 402, located 0 north and -1 east (1.e. 1 west) of
seed tile 404.

After recerving tile grid 400, client 108 then requests the
tiles that are to be displayed by the browser, including any
tiles the client requires to {ill its off-screen bufler. Referring
to FIG. 6, web server 102 recerves 602 a request for a tile
identified by a URL or other resource identifier. Web server
102 converts the request mnto a query suitable for mapping
engine 106, and passes the query including any specified
parameters to mapping engine 106. Mapping engine 106
retrieves 604 map data from map data database 104 and
dynamically renders 608 the tile, which 1t then returns 610
via web server 102 to client 108.
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In one embodiment, system 100 includes a cache, for
example a least-recently used (LRU) cache, and web server
402 caches each tile after 1t has been dynamically rendered.
In such an embodiment, when system 100 receives a request
for a tile, web server 102 first checks the cache to determine
whether the tile already exists 1n the cache, and i1 so returns
the cached version; 1f not, the tile 1s dynamically rendered as
described above.

Because system 100 renders tiles dynamically upon
request, the appearance of the tile can be specified at request
time, for example using parameters in the URL request from
the client 108. Specifying rendering parameters in the URL
can be implemented 1n a number of ways 1n various embodi-
ments—in one embodiment, the client specifies rendering
parameters, €.g., “ROADS=red; WATER=blue;” 1n the URL,
and server 102 returns a tile appropnately rendered. In
another embodiment, server 102 provides default rendering
parameters when it first provides the tile grid URLs to client
108, and client 108 can accept or manipulate them 1n
forming 1ts request for the tiles. In an alternative embodi-
ment, absent a specification of a parameter by client 108,
system 100 defaults to a predetermined value for the
unspecified parameter.

In one embodiment, a session ID parameter 1s included as
a parameter passed between client 108 and server 102. The
session ID 1s used by server 102, for example, to prevent a
cached tile from being sent to a client 108 inappropriately—
for example, two clients may request the same dynamically
generated tile, but one client may specily different rendering
parameters than the other client. Through use of a session
ID, server 102 can ensure that a client receives only tiles that
have been dynamically generated for that client.

FIGS. 7a, 7b, and 7¢ illustrate a sequence 1n which a map
1s dragged down a page by a user of client 108. The star 710
represents the address or location that was mapped, 1.e. the

CenterAddress of the TileGrid 1n the XML code of FIG. 3
and FIG. 5. An outer DIV 702 frames an iner DIV 704 to
create a viewable area centered on the inner four tiles 402,
404, 406, 408. The CSS “overflow” attribute is set to hidden
on outer DIV 702 so that ofi-screen peripheral tiles are not
seen. The outer DIV 702 has a higher CSS Z-index than the
inner DIV 704. The illustrated tile grid of FIGS. 7a, 76 and
7c mcludes tile 712.

In FIG. 7a, the map has not yet been dragged. Therefore,
the mner DIV 704 has a vertical oflset of zero from its
enclosing outer DIV. The 300 pixel by 300 pixel tile image
712 has a URL with -2 northing and -2 easting, compared
to seed tile 404.

In FIG. 7b, the user has dragged the map 130 pixels
downwards. None of the images has flipped or changed 1ts
oflset within the mner DIV. Only the mner DIV has moved
relative to the outer DIV.

In FIG. 7¢, the mner DIV 704 has been pulled down 1
complete tile (300 pixels) from the enclosing outer DIV 702.
Tile 712 has flipped from the bottom of the grid to the top
of the grid, acquiring an oflset of =300 relative to the 1nner
DIV. Similarly, the image’s URL acquires a Northing value
that has increased by 4, 1.e. 1t 1s now +2. This 1s determined
by adding the entire grid height (4 tiles) from the 1mage’s
initial northing of -2 tiles.

Thus, when client 108 wishes to draw tile 712 with 1ts new
content, it need only request the same URL from web server
102 as was originally assigned to the tile, with the exception
ol altering the northing value to be +2 instead of -2. In this
way, the client does not need to specily the coordinates of
the tile to be drawn, nor 1s the client required to maintain any
information about the map projection in use—by providing
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6

the URL with the updated northing and easting values, the
client will obtain the correct dynamically rendered tile from
server 102.

System 100 also allows a client 108 to easily zoom 1n or
out as desired without having to track latitude and longitude
information.

Instead, the TileGrid request allows the client to simply
specily the number of tiles that the map has been specified,
in any direction. This 1s accomplished by the inclusion of
Pan elements 1n the TileGrid request.

FIG. 8 shows an XML request that specifies a zoom factor
of 1.0, which 1n the 1llustrated embodiment results in a zoom
factor of two, 1.e. the resulting 1mage 1s twice as large. In
addition to the request described above, the additional tags
in FIG. 8 specity the “zoom=°1.0"" zoom factor as part of
the <Output> tag, and i addition to the rows and columns
parameter of the <TileGnd> tag, a <Pan> tag 1s also
included, indicating that prior to requesting the zoom, the
image with the specified center point was panned 13.17 tiles
cast and 4.234 tiles south. By specitying this information,
client 108 has provided enough information to server 102 for
the server to dynamically render the desired tile grid, cen-
tered at the appropriate new location, with the requested
ZOOm.

System 100 additionally enables the dynamic rendering of
overlay elements on a tile grid. Overlay elements include
route geometry, points of interest, text, and the like. An
advantage of dynamic tile rendering, as opposed to pre-
rendered tiles, 1s that all routes and other overlays are part
of the image tiles, rather than rendered as a separate 1mage
with a transparent background, and layered on top of the
tiles 1n the JavaScript client, increasing the complexity of the
system.

Overlays 1n one embodiment are specified as part of the
initial TileGrid XML request, and are associated with tiles
via the session ID. If a session ID 1s not provided 1n the
request, server 102 1 one embodiment returns a unique
session ID. The URL for individual tile images include this
session 1D.

FIG. 9 1llustrates an XML request that includes TileGnid
and RouteGeometry tags, specilying a route geometry to
overlay on the requested tiles. In the 1llustrated embodiment,
the fitOverlays attribute causes the spatial extent of the tile
orid to stretch to cover all the overlays. The <RouteGeom-
etry> tag specifies the route geometry. The route included 1n
FIG. 9 can be determined, e.g., by a DeterminRouteRequest
to the deCarta Drnll Down Server, or by using other route
computation methods. The URLs subsequently rendered by
system 100 include both the map data and the overlay.

Note that 1n an alternative embodiment to those described
above, system 100 can return dynamically-rendered tiles 1n
response to the mitial tile grid request, 1n response to a
parameter specification. This embodiment 1s usetul, for
example, for mobile device applications.

An additional parameter that client 108 can include in the
URL request to server 102 specifies the image compression
type that server 102 should use 1n returning the tile. This 1s
beneficial because clients running on different platforms or
having different network connections speeds and latencies
may seek performance improvements by using files of
higher or lower compression.

The present mvention has been described in particular
detail with respect to a limited number of embodiments.
Those of skill 1n the art will appreciate that the mvention
may additionally be practiced in other embodiments. For
example, the functionality of the graph-generating engine
can be provided in other embodiments by other modules.
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The present 1nvention also has application beyond the sim-
plification of digital maps. For example, 1n various embodi-
ments the present invention can be used to simplify
polylines 1n any application in two- or higher-dimensional
space, for example 1n rendering drawings with vectors.

Within this written description, the particular naming of
the components, capitalization of terms, the attributes, data
structures, or any other programming or structural aspect 1s
not mandatory or significant, and the mechanisms that
implement the mvention or 1ts features may have different
names, formats, or protocols. Further, the system may be
implemented via a combination of hardware and software, as
described, or entirely 1n hardware elements. Also, the par-
ticular division of functionality between the various system
components described herein 1s merely exemplary, and not
mandatory; functions performed by a single system compo-
nent may 1nstead be performed by multiple components, and
functions performed by multiple components may instead
performed by a single component. For example, the particu-
lar functions of node creation module 202, link creation
module 204 and so forth may be provided in many or one
module.

Some portions of the above description present the feature
of the present mnvention in terms of algorithms and symbolic
representations of operations on information. These algo-
rithmic descriptions and representations are the means used
by those skilled 1n the art to most eflectively convey the
substance of their work to others skilled in the art. These
operations, while described functionally or logically, are
understood to be implemented by computer programs. Fur-
thermore, 1t has also proven convenient at times, to refer to
these arrangements of operations as modules or code
devices, without loss of generality.

It should be borne 1n mind, however, that all of these and
similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as
apparent from the present discussion, it 1s appreciated that
throughout the description, discussions utilizing terms such
as “selecting” or “computing” or “determinming” or the like,
refer to the action and processes of a computer system, or
similar electronic computing device, that manipulates and
transforms data represented as physical (electronic) quanti-
ties within the computer system memories or registers or
other such information storage, transmission or display
devices.

Certain aspects of the present invention include process
steps and instructions described herein 1n the form of an
algorithm. It should be noted that the process steps and
instructions of the present invention could be embodied 1n
software, firmware or hardware, and when embodied 1n
software, could be downloaded to reside on and be operated
from different platforms used by real time network operating
systems.

The present mvention also relates to an apparatus for
performing the operations herein. This apparatus may be
specially constructed for the required purposes, or it may
comprise a general-purpose computer selectively activated
or reconfigured by a computer program stored in the com-
puter. Such a computer program may be stored 1n a computer
readable storage medium, such as, but 1s not limited to, any
type of disk including floppy disks, optical disks, CD-
ROMs, magnetic-optical disks, read-only memories
(ROMs), random access memories (RAMs), EPROMs,
EEPROMSs, magnetic or optical cards, application specific
integrated circuits (ASICs), or any type of media suitable for
storing electronic 1nstructions, and each coupled to a com-

5

10

15

20

25

30

35

40

45

50

55

60

65

8

puter system bus. Furthermore, the computers referred to 1n
the specification may 1nclude a single processor or may be
architectures employing multiple processor designs for
increased computing capability.
The algorithms and displays presented herein are not
inherently related to any particular computer or other appa-
ratus. Various general-purpose systems may also be used
with programs in accordance with the teachings herein, or 1t
may prove convenient to construct more specialized appa-
ratus to perform the required method steps. The required
structure for a variety of these systems will appear from the
description above. In addition, the present invention 1s not
described with reference to any particular programming
language. It 1s appreciated that a variety of programming
languages may be used to implement the teachings of the
present invention as described herein, and any references to
specific languages are provided for disclosure of enablement
and best mode of the present mnvention.
Finally, 1t should be noted that the language used 1n the
specification has been principally selected for readability
and 1nstructional purposes, and may not have been selected
to delineate or circumscribe the mmventive subject matter.
Accordingly, the disclosure of the present invention 1s
intended to be illustrative, but not limiting, of the scope of
the 1vention.
We claim:
1. A computer-implemented method comprising:
receiving, by a computer, a request for a dynamic tile grid,
the request for the tile gnid specifying a geographic
location and (1) a tile width and height, (11) a bounding
area, and (111) dimensions for the requested dynamic tile
grid;
responsive to the received request, dynamically generat-
ing, by the computer, the requested tile grid;

determining, by the computer, a position within the tile
orid for a seed tile of a digital map and a resource
identifier for the seed tile, the seed tile centered at the
received geographic location;

providing, by the computer to the requester, the generated

tile grid, including the resource identifier for the seed
tile;

receiving, by the computer, a request for a tile, the request

including the resource i1dentifier for the seed tile;
rendering, by the computer 1n response to the request for

the tile, the tile identified by the resource 1dentifier; and
providing the rendered tile to the requester.

2. The method of claim 1 wherein the dimensions include
number of columns and rows for the tile grid.

3. The method of claim 2 wherein the number of columns
and rows 1s an even number, and the seed tile i1s a tile that
borders the specified location at which the tile gnid 1s
centered.

4. The method of claim 2 wherein the seed tile borders the
specified location to the northeast.

5. The method of claim 2 wherein the number of columns
and rows 1s an odd number, and the seed tile 1s a tile centered
at the specified location.

6. The method of claim 1 wherein rendering the requested
tile further comprises retrieving map data for coordinates
associated with the requested tile from a map database; and

rendering the tile according to the retrieved map data.

7. The method of claim 1 wherein the request for the tile
includes rendering parameters, and rendering the requested
tile further comprises rendering the tile according to the
rendering parameters.

8. The method of claim 7 wherein one of the rendering
parameters specifies a color for a feature to be rendered.
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9. The method of claim 1 wherein the location 1s specified
as a street address, and generating the tile grid further
comprises geocoding the address to find coordinates of the
specified location.

10. The method of claim 1 wherein the request includes an
overlay element, and the tiles are rendered to include the
requested overlay element.

11. The method of claim 10 wherein the overlay element
includes route geometry.

12. The method of claim 10 wherein the overlay element
includes a point of interest.

13. The method of claim 10 wherein the overlay element
includes text.

14. The method of claim 1 wherein the request includes a

session 1D and at least one of the tiles 1s cached, the method
turther comprising;:

responsive to the session ID having a first value, returning

the cached tile; and

responsive to the session ID having a second value,

rendering the tile 1n response to the request.

15. A computer-implemented method comprising:

receiving, by a computer, a request for a dynamic tile grid,

the request for the tile grnid specifying a geographic
location;
responsive to the received request, dynamically generat-
ing, by the computer, the requested tile grid;

determining, by the computer, a position within the tile
orid for a seed tile of a digital map and a resource
identifier for the seed tile, the seed tile centered at the
received geographic location;

providing, by the computer to the requester, the generated

tile grid, including the resource identifier for the seed
tile:

receiving, by the computer, a request for a tile, the request

including the resource identifier for the seed tile;
rendering, by the computer in response to the request for

the tile, the tile 1dentified by the resource identifier;
providing the rendered tile to the requester;

for each of a plurality of additional tiles that can be

rendered, determining, by the computer, an oflset of the
tile position relative to the seed tile and a resource
identifier including the offset;

providing, by the computer to the requester, 1dentifiers for

cach tile that can be rendered and located within the
grid;

receiving, by the computer, a second request for at least

one tile, the second request including at least one
resource 1dentifier differing from the provided resource
identifiers;

rendering, by the computer in response to the second

request, the tile 1dentified by each resource i1dentifier
included 1n the second request; and

providing the rendered tiles to the requester.

16. The method of claim 15 wherein the resource 1dent-
fier differing from the provided resource identifiers specifies
an oflset from the seed tile.

17. A non-transient computer-readable medium including
software code that, when loaded into memory, cause a
processor to execute the steps of:

receiving, by a computer, a request for a dynamic tile grid,

the request for the tile grnid specilying a geographic
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location and (1) a tile width and height, (11) a bounding,
area, and (111) dimensions for the requested dynamic tile
grid;

responsive to the received request, dynamically generat-
ing, by the computer, the requested tile grid;

determiming, by the computer, a position within the tile
orid for a seed tile of a digital map and a resource
identifier for the seed tile, the seed tile centered at the

received geographic location;

providing, by the computer to the requester, the generated
tile grnid, including the resource identifier for the seed
tile:
receiving, by the computer, a request for a tile, the request
including the resource identifier for the seed tile;
rendering, by the computer 1n response to the request for
the tile, the tile identified by the resource 1dentifier; and
providing the rendered tile to the requester.
18. The non-transient computer-readable medium of
claim 17, wherein the dimensions include number of col-
umns and rows for the tile grid.
19. The non-transient computer-readable medium of
claim 18, wherein the number of columns and rows 1s an
even number, and the seed tile 1s a tile that borders the
specified location at which the tile grid 1s centered.
20. A non-transient computer-readable medium including
software code that, when loaded into memory, cause a
processor to execute the steps of:
receiving, by a computer, a request for a dynamic tile grid,
the request for the tile grid specifying a geographic
location and (1) a tile width and height, (11) a bounding,
area, and (111) dimensions for the requested dynamic tile
grid;
responsive to the received request, dynamically generat-
ing, by the computer, the requested tile grid;

determining, by the computer, a position within the tile
orid for a seed tile of a digital map and a resource
identifier for the seed tile, the seed tile centered at the
received geographic location;

providing, by the computer to the requester, the generated

tile grid, including the resource identifier for the seed
tile:

receiving, by the computer, a request for a tile, the request

including the resource i1dentifier for the seed tile;
rendering, by the computer 1n response to the request for

the tile, the tile 1dentified by the resource identifier;
providing the rendered tile to the requester;

for each of a plurality of additional tiles that can be

rendered, determining, by the computer, an oflset of the
tile position relative to the seed tile and a resource
identifier including the offset;

providing, by the computer to the requester, identifiers for

cach tile that can be rendered and located within the
grid;

recerving, by the computer, a second request for at least

one tile, the second request including at least one
resource 1dentifier differing from the provided resource
identifiers;

rendering, by the computer 1n response to the second

request, the tile identified by each resource identifier
included 1n the second request; and

providing the rendered tiles to the requester.
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